ABSTRACr The effects of whole body vibration on the concentrations of noradrenaline (NA), dopamine (DA), and serotonin (5-HT) in the whole brain and brain regions of rats were investigated. Compared with control rats, vibration with 20 Hz frequency decreased the brain concentration of NA only when the acceleration (intensity) was increased to 5*0 G (p < 0-05). The concentration of DA in the whole brain was not affected by acceleration. When acceleration was kept at a constant 0-4 G level and rats were exposed for the same 240 minute period to 5, 20, or 30 Hz vibration, neither NA nor DA concentrations changed in the whole brain. Regional changes in the concentration of biogenic amines in the brain of rats exposed to vibration of 20 Hz and 5.0 G showed few significant differences. Thus NA significantly decreased only in the hypothalamus (p < 0.01), although in the hippocampus the decrease was nearly significant (p < 0.10). The concentration of 5-HT significantly increased in the hypothalamus and cerebellum (p < 0.05). DA tended to increase in the cortex and decrease in the striatum (p < 0 10). These experiments seem to indicate that NA in the whole brain and especially in the hypothalamus is a better indicator of vibration exposure than 5-HT, and that NA is affected by the intensity but not by the frequency of vibration. NA and 5-HT in the hypothalamus change in the opposite direction. DA concentrations in the brain are basically unaffected by vibration.
Vibrations received by some sensory organs, such as the pacinician corpuscles, travel through the spinal cord to reach the hypothalamus and the cerebral cortex where the information is recognised. The responses of the central nervous system to whole body vibration have not been clarified. Therefore it was thought that the investigation of the changes in the concentration of biogenic amines in the brain would be an important step in the study of the biochemical effects of vibration on the central nervous system. The study was also intended to obtain information on regional differences in vibration induced changes in the concentration of the following amines, noradrenaline (NA), dopamine (DA), and serotonin (5-HT).
Materials and methods
Male Wistar rats, weighing 200-250 g (average 242 g) were used in the study. The rats were divided into 10 groups each of four rats. Four groups were used to test different frequencies and four to test Received 10 January 1983 Accepted 2 April 1984 different accelerations; the other two groups were used to study regional changes. During the preexperimental period all the rats were in light from 8 am to 8 pm and in darkness for the remaining time; the room temperature was fixed at 23 + 2°C, and food and water were provided freely.
The apparatus for vibration exposure consisted of an electromagnetic shaker coupled to an amplifier (Tachikawa TA-100), function oscillator (NF-Model E-1011), and a vibration meter . The animals were subjected to vertical sinusoidal whole body vibrations for 240 minutes. Throughout the experiments both exposed and control animals were individually kept in the prone position in wire mesh cages that were tightly fixed on the vibrating plate. Before the experiment began the rats were kept in the same wire mesh cages for four hours a day for one week-that is, for the time of the vibration exposure to adapt them to the experimental conditions. Accelerations were 04 G, 2-0 G, or 5 0 G under a constant vibration frequency of 20 Hz; frequencies were 5-0 Hz, 20 Hz, or 30 Hz under a constant acceleration of 0-4 G. In the regional brain studies an acceleration of 5-0 G and a vibration frequency 133 134 of 20 Hz were used for 240 minutes. All the exposures were carried out between 9 am and 1 pm. Rats placed near the electromagnetic shaker and therefore exposed to noise without vibration were used as controls. The rats were decapitated immediately after the exposure and the brain was quickly removed from the cranium, placed on an ice plate, and washed with physiological saline solution. Blood was blotted from the brain which was weighed and kept in a deep freezer (-80°C) until the amine assays were performed. For regional studies the brain was divided into the following regions on the ice plate: cerebellum, meddulla oblongata, hypothalamus, striatum, midbrain, cortex, and hippocampus according to the method described by Glowinski and Iversen.' Each region was weighed and kept in a deep freezer until assayed.
The levels of NA, DA, and 5-HT were determined after homogenisation in 0-4 N perchloric acid. The three amines were eluated on an Ambelite CG-50 coltimn and the levels of NA and DA in the eluate were fluorometrically determined by the trihydroxyindole method and dihydroxyindole method respectively as described by Karasawa et Figure 1 shows the responses of NA and DA in the whole brain to increasing acceleration under a constant frequency of 20 Hz. The NA content in the 5-0 G exposure group was significantly (p < 0-05) decreased (by 57%) compared with that of the control group. Moreover there was a significant difference (p < 0-01) between the mean values in the group exposed to 0-4 G and the group exposed to 5 0 G. There were no remarkable differences in the concentrations of DA in the whole brain. tween the exposed and control rats. We suggest, therefore, that the change in NA content depends on the intensity of vibration. Moreover, the decrease of the NA content in the whole brain is associated with a substantial decrease in the hypothalamus and a smaller decrease in the hippocampus. Bliss et al reported that the NA content of the whole brain was decreased to 71 % by an electrical shock in the foot? and similar effect was observed after forced swimming.8 Ritter and Pelzer, who determined NA in the hypothalamus and the telencephalon immediately after 60 minutes of exposure to cold or electrical shock, observed a remarkable depletion in the NA content of the hypothalamus.9 Our experiments show that vibration stress has the same effect on the NA content of the brain and this effect depends on the intensity of vibration.
The content of DA in the whole brain was scarcely affected by acceleration or by vibration frequency, but the DA tended to decrease in the striatum and increase in the cortex.
It must be pointed out that Bliss et al did not find significant changes in the DA content of rat whole brain after electrical shock, although another study has reported a 65% depletion in the DA concentration of the substantia nigra.'0 Like NA, 5-HT changed with vibration acceleration more than with frequency." 5-HT concentration was increased, in two brain regions, the hypothalamus and cerebellum, whereas the concentration of NA decreased. The interpretation of these findings needs further investigation.
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